Objectives The Bhutanese Screening Programme recommends a Pap smear every 3 years for women aged 25-65 years, and coverage ranges from 20% to 60%, being especially challenging in rural settings. The 'REACHBhutan' study was conducted to assess the feasibility and outcomes of a novel approach to cervical cancer screening in rural Bhutan. Design Cross-sectional, population-based study of cervical cancer screening based on the careHPV test on self-collected samples. Setting Women were recruited in rural primary healthcare centres, that is, Basic Health Units (BHU), across Bhutan. Participants Overall, 3648 women aged 30-60 were invited from 15 BHUs differing in accessibility, size and ethnic composition of the population. Interventions Participants provided a self-collected cervicovaginal sample and were interviewed. Samples were tested using careHPV in Thimphu (the Bhutanese capital) referral laboratory. Main outcome measures Screening participation by geographic area, centre, age and travelling time. Previous screening history and careHPV positivity by selected characteristics of the participants. Results In April/May 2016, 2590 women (median age: 41) were enrolled. Study participation was 71% and significantly heterogeneous by BHU (range: 31%-96%). Participation decreased with increase in age (81% in women aged 30-39 years; 59% in ≥50 years) and travelling time (90% in women living <30 min from the BHU vs 62% among those >6 hours away). 50% of participants reported no previous screening, with the proportion of never-screened women varying significantly by BHU (range: 2%-72%). 265 women (10%; 95% CI 9% to 11%) were careHPV positive, with a significant variation by BHU (range: 5%-19%) and number of sexual partners (prevalence ratio for ≥3 vs 0-1, 1.55; 95% CI 1.05 to 2.27). Conclusions Community-based cervical cancer screening by testing self-collected samples for human papillomavirus (HPV) can achieve high coverage in rural Bhutan. However, solutions to bring self-collection, HPV testing and precancer treatment closer to the remotest villages are needed.
IntroductIon
Cervical cancer represents the most common cancer among females in Bhutan, with an age-standardised incidence rate of approximately 13 cases per 100 000 person-years. 1 The country is strongly engaged in the prevention of cervical cancer. In the year 2000, the Ministry of Health launched a national cytology-based screening programme, and a Pap smear is currently recommended every 3 years to women aged 25-65 years. 2 In the year 2010, Bhutan was the first low/middle-income country to initiate a successful national vaccination programme against human papillomavirus (HPV) with >90% coverage in girls aged 12-18 years. 3 Conversely, screening coverage is much lower and fairly heterogeneous across the country, ranging from 20% to 60% of the target population in different provinces. 4 5 In rural areas, where ► The study was conducted countrywide in a range of rural primary healthcare centres, which varied in accessibility, size and ethnic composition of the target population. ► The target population of each centre was enumerated on the basis of up-to-date and detailed demographic surveys. ► A reliable local mobile data network ensured timely and effective study coordination, data collection and quality controls. ► The proposed diagnostic and treatment solutions presented specific challenges and were less reliable than expected. approximately 60% of the Bhutanese live, 6 cytology-based screening campaigns are occasionally conducted but coverage remains poor, 4 and follow-up and treatment of screening-positive women is challenging.
Organised screening programmes are demanding in terms of administrative, human, financial and logistic resources. Pap smear-based programmes require frequent visits, trained staff and strict quality control. In contrast, HPV-based screening allows for longer screening intervals, 7 8 self-sampling 9 and automation of the diagnostic procedure. It is therefore an attractive option to improve the acceptability and cost-effectiveness of screening. 10 In 2016, the Ministry of Health of Bhutan and the International Agency for Research on Cancer (IARC) implemented the 'REACH-Bhutan' study to assess the feasibility, outcomes and challenges of cervical cancer screening based on the careHPV test on self-collected samples among women aged 30-60 years in rural areas of the country. In the current report, we describe the study design, target population, recruitment and sample collection methods, key characteristics of study participants and patterns of participation. Details on the performance of careHPV testing and clinical management of careHPV-positive women will be reported in future publications.
MaterIal and Methods study population and recruitment
Our study targeted women aged 30-60 years living in rural areas; recruitment and sample collection took place from April to May 2016 in Basic Health Units (BHUs), the facilities that provide primary healthcare to the Bhutanese population. The Bhutanese principal investigator (UT) selected 15 BHUs that differed by accessibility, size and ethnic composition of the served population (figure 1). Lists of household members in each village were obtained from the BHU survey produced yearly for demographic purposes.
Local health workers (HWs) familiar with community mobilisation were instructed by the principal investigator in the specifics of self-sampling for cervical screening, and visited the villages served by the selected BHUs to invite eligible women to come to the BHU to participate in the study on specified dates. The benefits of cervical cancer screening and the purposes of the study were explained to the women during public invitation sessions. All women from a given village were invited to attend screening at the BHUs on the same date. Pregnant women, women with mental disability, who had undergone hysterectomy or planned to leave the study area in the next 6 months were not eligible.
On the appointment date, two or three HWs and one of the two mobile study teams (one for East and one for West Bhutan, each composed of two nurses and supervised by a gynaecologist) provided additional information on the study, collected an informed consent form and administered a short electronic questionnaire on the BHU's premises. The entire process required less than 20 min and certain BHUs were able to manage more than 100 women per day. Whenever possible, the recently introduced national citizenship identification number, which uniquely identifies Bhutanese citizens, and at least one mobile telephone number were recorded for follow-up purposes.
sample collection, transportation and laboratory analysis Each participant was asked to provide a self-collected cervicovaginal sample using a careBrush. They were instructed to insert the brush deep into the vagina and rotate it three to five times before dipping it in a tube containing careHPV collection medium. The study team nurse provided guidance to the participants on how to perform self-collection but did not attend the self-collection procedure. Tubes were then stored in fridges until they were transported in cool boxes to the central laboratory of Jigme Dorji Wangchuck National Referral Hospital in Thimphu, within 2 weeks. Samples were stored at ~4°C and an aliquot was tested using the careHPV platform (Qiagen Corporation, Gaithersburg, Maryland, USA) according to the manufacturer's instructions. The careHPV test is a validated signal-amplification, rapid Open Access Figure 2 Participation (%) and corresponding 95% CI by Basic Health Unit, region, and age group, Bhutan, 2016. batch diagnostic test for the detection of DNA of 13 highrisk HPV types (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68) and HPV66.
11 careHPV results were communicated by the central laboratory as soon as possible to each BHU (after a median of 11 days; IQR: 9 to 33 days) to arrange follow-up of careHPV-positive women and of a random fraction of careHPV-negative women, as a quality control measure. data collection and statistical analyses All information on study participants and biological samples were collected and stored on portable electronic devices. Whenever a mobile data network was accessible, the stored data were uploaded to the IARC server and portable devices were synchronised with the most recent version of the study database. The distribution of the target population in each BHU by age group and by village of residence was obtained from the demographic survey conducted in year 2015. Travelling time was estimated from each village of residence to the corresponding BHU. On account of the sociogeographic characteristics of the study areas, most women had to reach the BHU on foot. We subdivided the travelling time into seven categories (ie, <30 min, 30 to 59 min, 1 hour to 1 hour 59 min, 2 hours to 2 hours 59 min, 3 hours to 3 hours 59 min, 4 hours to 5 hours 59 min and 6 or more hours) and fitted a mixed-effect logistic model to data to assess the influence of travelling time on study participation with BHUs as clusters.
Among participating women, we assessed prevalence ratios (PR) and corresponding 95% CI for lack of previous cervical cancer screening and careHPV positivity according to selected characteristics using binomial regression models with a log link and adjustment for age group (30-39, 40-49 and ≥50 years) and BHU of recruitment, as appropriate. For each variable of interest, missing or undisclosed (ie, labelled as 'prefer not to answer') information were treated as not informative and excluded from the analyses.
results
Out of 15 BHUs included in 'REACH-Bhutan', six are located in West Bhutan and nine in East Bhutan (figure 1). They serve a total of 3648 women aged 30-60 years (figure 2). Overall participation was 71% (95% CI 69.5% to 72.5%) and was similar in the West and the East. It was, however, significantly heterogeneous by BHU (range: 31%-96%, I
2 99%, p<0.001), and age group (81% in women aged 30-39 years but only 59% in ≥50 years). Participation steadily decreased with the increase in travelling time from village to BHU being 90% (95% CI 84% to 94%) for women living less than 30 min from the BHU but 62% (95% CI 50% to 73%) among those 6 hours away or more (see supplementary data 1). The influence of travelling time strongly increased with a woman's age: the drop in participation between 30 min and 6 hours was from 93% (95% CI 87% to 96%) to 76% (95% CI 64% to 84%) among women aged 30-39 years, but from 86% (95% CI 75% to 92%) to 45% (95% CI 30% to 62%) among women ≥50 years (figure 3). The village of residence was not reported by six women or did not belong to the BHU catchment area (seven women). These women did not contribute to the analysis reported in figure 3 .
Open Access A total 2590 women accepted the invitation and came to a BHU (median age: 41 years; IQR: 35 to 49 years). Ninety-nine per cent belonged to four ethnic groups: Scharchop (55%); Lhotsampa (27%); Ngalop (13%); and Khengpa (4%); each group predominating in at least one BHU (figure 1). All but two women provided a telephone number and 60% provided their identity card number. Most women stated that self-sampling was easy to perform (96%) and painless (90%). Macroscopic blood traces were observed in 3.5% of sample of non-menstruating women (data not shown).
Fifty per cent of participants reported having had previous screening ( figure 4A ) and, among them, 83% had had a Pap smear in the last 4 years (data not shown). The proportion of never-screened women varied across individual BHUs (range: 2%-72%, I 2 =99%, p<0.001). Table 1 (table 1) .
Overall, 265 women (10%; 95% CI 9% to 11%) were careHPV positive with a significant variation by BHU (range: 5%-19%, I 2 =63%, p<0.001) (figure 4B). Table 2 shows the relationship between careHPV positivity and various women's characteristics. Significant risk factors for HPV positivity included region of Bhutan (PR for West 
dIscussIon
The findings from 'REACH-Bhutan' show that community-based cervical cancer screening using self-collected samples and careHPV test is feasible in BHUs and can achieve high coverage in rural Bhutan. Our cross-sectional study (online supplementary data 2), therefore, can be added to an increasing number of evaluations of the implementation of careHPV screening in underserved populations of Asia, 12-14 Africa 15-17 and Latin America. 18 19 Seventy per cent of women from rural communities responded favourably to the invitation to come to their BHU to undergo HPV screening. In comparison, in Thimphu, the Bhutanese capital, only 33% (95% CI 29 to 37) of invited women of the same age group accepted to take part in a study of clinician-collected samples. 5 However, participation significantly decreased with increasing age and travelling time between the village of residence and the BHU. The negative effect of living far away from a BHU was especially strong among older women. Furthermore, older age and large distance from BHUs were confirmed to be risk factors for lack of previous screening among the women who participated in our present study (table 1) .
The large majority of study participants reported to be illiterate farmers or housewives, currently married and sexually active. One-fifth reported two sexual partners or more, and 74% three children or more. Among study participants, 50% had never been screened before, confirming that rural areas are underserved compared with Thimphu, where 33% (95% CI 30 to 36) of study participants aged 30-60 years had never been screened. 5 Despite the remarkable sociodemographic homogeneity of the rural communities included participation in 'REACH-Bhutan' and history of previous screening among participating women were significantly different among BHUs pointing to different levels of success in application of the national guidelines.
The varying degree of participation in our current study and of previous screening across BHUs may be also related to differences in ethnic composition. Indeed, lack of previous screening was significantly more frequent among women who belonged to the Lhotsampa (mostly Hindus) and Ngalop (mostly Buddhist) ethnic groups. It is, however, unclear whether Lhotsampa and Ngalop were more reluctant to be screened or lived in areas where BHUs were less committed to screening. For example, in the large BHU of Bara, at the western border with India, there was a suggestion that a historical absence of female HWs had had a negative impact on cervical screening attendance. The few literate women and those who were shopkeepers or manual workers reported more screening attendance.
Ten per cent of women were careHPV positive, that is, a percentage only slightly lower than that found in Thimphu in the same age group, that is, 14.1% (95% CI 12.0 to 16.4) . 20 Lifetime number of sexual partners, being widowed, separated or divorced and having had one or two children (as compared with three) were significantly associated with HPV positivity as reported in previous IARC HPV surveys. 21 22 Women in West Bhutan were less likely to be HPV positive than their counterparts in the east of the country and this finding is likely to reflect differences in lifestyle sexual habits across rural communities or ethnic groups. In fact, the percentage of women who reported two or more sexual partners was 15% in the West versus 26% in the East.
The main strengths of the present study are the inclusion of a large number of women from many rural villages and the relatively high and accurately estimated participation of invited women aged 30-60 years. We developed an mHealth platform and relied on the local mobile data network to ensure a timely and effective coordination of BHU HWs and mobile study teams across Bhutan, and to manage data collection, transmission and real-time quality controls. 23 24 Furthermore, virtually all study participants had access to at least one mobile phone, greatly simplifying their recall for follow-up visits.
However, study implementation was also characterised by logistic and technological challenges. For example, although the central laboratory in Thimphu was able to deliver careHPV results to each BHU in a median of 11 days after screening, the careHPV platform turned out to be less reliable than expected and, even after completion of the initial training period, there still continued to be substantial wastage due to invalid careHPV runs. In addition, the original plan of rapidly recalling women and offering them colposcopy triage and, if necessary, cryotherapy in each BHU was hindered by difficulties in transport and/or malfunction of cryotherapy equipment.
At the end of May 2017, 251 (95%) careHPV-positive women had had a follow-up visit and 225 had undergone either cryotherapy (n=91) or loop electrosurgical excision procedure (n=134). Histological ascertainment of cervical specimens from these women (as well as from a subset of careHPV-negative women) is still ongoing, and clinical outcomes will be the subject of a future publication.
conclusIon The 'REACH-Bhutan' study shows both the readiness of the Bhutanese Health System and the willingness and resilience of Bhutanese women to comply with cervical cancer screening algorithms based on self-collection for HPV testing. It also highlights, however, the need to find new solutions to specific challenges, such as bringing self-collection even closer to women, especially older ones living in the remotest areas, possibly in coordination with the decentralised offer of other primary healthcare activities, for example, child vaccination, which are regularly brought from BHUs to villages.
